Abstract. Computed tomography (CT) and magnetic resonance imaging (MRI) scans of 11 patients with histologically proven cervical chordoma were retrospectively evaluated. Imaging features assessed included location, morphology, association with adjacent structures, vertebral destruction, status of cortical bone, periosteal reaction, attenuation and calcification by CT, and signal intensity and enhancement pattern by MRI. Of 7 cases with CT, 6 exhibited lytic-sclerotic bone destruction. A total of 5 cases exhibited pressure erosion of outer cortex, 3 of which had spiculated periosteal reaction. Calcification was observed in 3 cases. All cases were heterogeneous and hypodense. MRI T2-weighted images (n=10) revealed heterogeneous hyperintense (n=5), intermediate (n=2) and intermediate-hyperintense signal intensity (n=3). Hypointense septa between lobules (n=5) and stripes (n=3) were observed on T2-weighted images. Post-contrast magnetic resonance images (n=6) demonstrated marked heterogeneous (n=3) and ring-like (n=3) enhancement. CT scanning is valuable in revealing the lytic-sclerotic bone destruction, pressure erosion of outer cortex and calcification. MRI is useful in demonstrating the results of soft tissue mass. The two examinations are necessary for differential diagnosis of patients with suspected cervical chordoma.
Introduction
Chordomas are rare malignant tumors exhibiting notochordal differentiation (1) . The most common sites of tumor development include the sacrococcygeal region (50-60%), spheno-occipital region (25-35%) and mobile spine (15%) (2) . Lesions of the cervical spine are rare, comprising between 3 and 7% of all chordomas, and between 20 and 50% of spinal chordomas (3) . Lesions of the cervical spine are often overlooked as a diagnostic possibility in patients with neck pain or mass. The present study retrospectively reviewed the computed tomography (CT) and magnetic resonance imaging (MRI) results of 11 patients with chordoma of the cervical spine in an effort to evaluate the typical imaging features of these unusual lesions and to facilitate improved differential diagnosis from other lesions.
Materials and methods
Patients. The present study was approved by the Institutional Review board of the Affiliated Hospital of Qingdao University. From between July 2008 and 2016, 11 cases of histologically proven cervical chordomas were selected and retrospectively reviewed. Pathological and clinical information including age at presentation and sex was also recorded.
Imaging techniques. CT scans were obtained using a standard CT protocol for the spine with multi-detector spiral CT scanner (LightSpeed; General Electric Healthcare Corporation, Waukesha, WI, USA). Scan type was helical (pitch/speed, 1.375:1, 13.75 mm). CT sections were imaged at 2.5 mm thickness with 2.5 mm space. MRI examinations were performed using a 3.0T magnetic resonance scanner (Signa HDx; GE Medical Systems Ltd., Little Chalfont, UK). Pre-contrast T1-weighted spin-echo images with and without fat saturation, and T2-weighted fast spin-echo images, and short T1 inversion recovery were obtained, followed by post-contrast T1-weighted spin-echo images with fat saturation following intravenous injection of 0.1 mmol/kg gadolinium dimeglumine. Images were obtained in at least two planes with 3 mm section thickness and 1 mm intersection gap.
Imaging analysis. CT and MRI studies were evaluated by two experienced radiologists using an image archiving and communication system, and results were determined by consensus. The following parameters were evaluated: Location of spine involvement, extension of soft tissue mass (anteriorly, laterally or posteriorly towards vertebrae), morphology (uni-lobular, multi-lobular or collar button), enlargement of transverse and intervertebral foramina, arterial encasement, disk involvement, bone destruction, status of cortical bone, periosteal reaction, attenuation and the presence of calcification by CT, signal intensity and enhancement pattern by MRI. Artery encasement was defined as circumferential contact On post-contrast MRI images, the degree of enhancement was subjectively assessed as mild enhancement (less than or equal to that of muscle) or marked enhancement (greater than that of muscle). The patterns of contrast enhancement were also recorded.
Results
There were 5 female and 6 male patients. The patients' ages ranged from between 15 and 75 years, with a mean age of 45.3 years and a median age of 48 years. Overall, the males (mean, 50.8 years; range, 18-64 years) were older than the females (mean, 44.5 years; range, 15-51 years). Tumors were identified from level of the C1 vertebra to C6. Vertebral body involvement was limited to a single level in 5 patients and were multi-level in 5 patients. Only 1 patient did not exhibit any vertebral body involvement, exhibiting only a uni-lobular intradural soft tissue mass ( Fig. 1) . Of the 10 patients with vertebral involvement, 9 exhibited soft tissue masses extended from adjacent vertebrae and 1 did not reveal any soft tissue mass. The soft tissue masses occurred anteriorly, laterally and posteriorly (n=5); anteriorly and laterally (n=3); and laterally and posteriorly (n=1) towards vertebrae in the axial plane ( Fig. 2A ). All 9 cases exhibited a multi-lobular soft tissue component which extended over the vertebrae involved and revealed a collar button appearance in the sagittal plane (Fig. 2B) . Widening of the transverse foramen and intervertebral foramina was produced in 7 patients, and widening of only the transverse foramen in 2 patients. The vertebral artery was encased in 7 cases ( Fig. 2A ). Intervertebral disks were not affected in any of the cases. Of the 7 cases with CT scans available, 6 revealed lytic-sclerotic bone destruction, 1 without distinct vertebral destruction. The feature of lytic-sclerotic bone destruction was similar to the melting ice or sequestrum within osteomyelitis (Fig. 2C) . A total of 5 cases exhibited pressure erosion of the outer cortex (Fig. 2D ), 3 of which had spiculated periosteal reaction (Fig. 2E) . Pressure erosion is bone remodeling by a mass outside the bone. A total of 2 cases exhibited compression fractures. Calcification was demonstrated in 3/7 cases (Fig. 2C ). All cases were heterogeneous and hypodense compared with adjacent muscle.
Of 10 cases with pre-contrast MRI images available, tumors were hypointense (n=6) or isointense (n=4) on T1-weighted images (Fig. 1A) . Tumors were revealed to be hyperintense (n=5), intermediate (n=2) or intermediate-hyperintense (n=3) on T2-weighted images (Figs. 1B, 2A and B) . Hypointense septa between lobules (n=5) and stripes in cases (n=3) were observed on the T2-weighted images ( Fig. 2A) . Of the 6 cases with post-contrast MRI images, 3 cases were heterogeneous and 3 cases exhibited ring-like enhancement (Fig. 1C) .
The pathological results of all cases revealed a typical histological pattern of large cells with copious vacuolated cytoplasm separated by fibrous septa into lobules (Figs. 1D and 2F ).
Discussion
Chordomas are considered to be aggressive, albeit slow growing, invasive and locally destructive (4) . It has been hypothesized that chordomas arise from embryonic remnants of the primitive notochord (5). The tumor degenerates and disappears where it is surrounded by the vertebral bodies, but persists as the nucleus pulposus of each intervertebral disk. Remnants of the notochord may give rise to chordoma and usually remain in or close to the midline, entrapped within bone (5). However, there are a number of reports that chordoma may develop from a benign notochordal cell tumor (6-9). The tumor may occur at any age, but is usually observed in the fifth to seventh decades of life with male predilection (1).
Spinal chordomas typically develop within the vertebral body, primarily due to the association of the notochord with the developing axial skeleton (10) . CT scanning may possess a potential advantage in detecting bone destruction, status of cortical bone, periosteal reaction and calcification. The majority of the present study demonstrated mixed lytic-sclerotic bone destruction which exhibited an appearance of melting ice or sequestrum within osteomyelitis (86%). Sclerosis may be due to reactive change of trabecular architecture (40-60%) (6, 11, 12) . It has been identified that vertebral sclerosis may be a feature of chordoma (13) . Lytic bone destruction with retention of trabecular architecture is a feature of aggressive yet slow growth, which is also frequently observed in vertebral hemangiomas (13) . Furthermore, the extending soft tissue masses caused pressure erosion of the outer cortex and a spiculated periosteal reaction, as observed in the majority of the cases reviewed. The lesions typically produced widening of transverse and intervertebral foramina. These results also suggest aggressive but slow growth as a feature of the tumor. Calcification of the soft tissue mass occurred in 40% of cases as in the present series (14) . The intratumoral calcifications were hypothesized to represent bone sequestrae from bone destruction or real calcifications of chondroid variant.
The presence of an accompanying soft tissue mass, spanning several vertebral levels, is characteristic of chordomas (15) . Soft tissue mass without bone involvement, as observed in 1 of the cases reviewed, has been previously described (15) (16) (17) (18) . MRI is useful in demonstrating the soft tissue mass. Extension of the soft tissue mass was larger than the involved vertebral body which produces a collar button appearance in the sagittal plane. The lesions typically spare intervertebral disks, which may be involved in certain cases (2, 19) . Intervertebral disks were not affected in any of the cases reviewed. The soft tissue mass is usually multi-lobular and may occur anteriorly, laterally and posteriorly towards vertebrae in the axial plane. In the present study, the tumor occurred circumferentially (56%), anteriorly and laterally towards vertebrae (33%), and laterally and posteriorly towards vertebrae (11%). Encasement of the vertebral artery has been described previously (20) . None of the tumors demonstrated vessel constriction (14) . Signal intensity was heterogeneous and hyperintense with hypointense septa on T2-weighted images. The hyperintense signal intensity is the result of physaliphorous cells in myxomatous stroma of the chordoma. Hemorrhages, necrotic areas, calcification and sequestered bone fragments may explain the signal heterogeneity (15) . The hypointense septa on T2-weighted images correspond to fibrous septa that divide the tumor. This feature is characteristic for diagnosing chordoma according to the literature and has been reported in 70% of tumors (21) . Fibrous septa were identified in only 50% of the cases reviewed. However, stripes were identified in 30% of the patients. Enhancement patterns were heterogeneous or ringed. The cartilaginous components in the tumor may be responsible for the ringed enhancement pattern (15) .
On the basis of the results of the present study and available literature, there are certain distinctive features of cervical chordoma including: Lytic and sclerotic bone destruction with soft tissue mass (collar button appearance in sagittal plane and multi-lobular surrounding the vertebrae in the axial plane); pressure erosion of outer cortex and spiculated periosteal reaction; widening of transverse and intervertebral foramina; encasement of the vertebral artery; calcification; heterogeneous and hypodense composition compared with the adjacent muscle on CT; heterogeneous and hyperintense composition equal to the CSF with hypointense septa on magnetic resonance T2-weighted images.
The aforementioned features above may be useful to distinguish chordoma from other lesions of the cervical spine. Benign notochordal cell tumor (BNCT) should be recognized for differential diagnosis of chordoma. Previous studies have documented the existence of BNCT within the axial skeleton (8, 22) . However, experience with these lesions is limited and distinction of BNCT from chordomas may not always be possible (23) . Maintenance of trabecular architecture without bone destruction or expansion, lack of soft tissue extension and a lack of enhancement following contrast administration have been reported as the most reliable means of distinguishing between BNCT and chordoma radiographically (24, 25) . However, one study dispelled the hypothesis that any single radiological criterion used to distinguish between chordoma and BNCT is reliable (26) . Hemangiomas may exhibit similar features; however, they may readily be distinguished by their CT appearances. Hemangiomas exhibit a polka dot appearance on axial images or a corduroy vertebra on sagittal images on CT scans. A number of cases without bone involvement have been described previously (15) (16) (17) (18) . In such cases, differentiation between chordoma and nerve sheath tumor may be difficult. However, a number of stripes may be identified in chordoma on magnetic resonance T2-weighted images (18) . Furthermore, the location of the paravertebral tumor mass lateral and anterior to the vertebral body was not indicative of a tumor of nerve root origin (27) . Tumor extension into the transverse foramina has not been reported in nerve sheath tumor (28) . Chondrosarcoma exhibits similar MRI features with respect to chordoma, although it involves the neural arch more frequently than the vertebral body and the chondroid matrix is often evident as characteristic rings and arcs (27) . Osteosarcoma may also demonstrate lytic-sclerotic destruction, but soft tissue mass of osteosarcoma often contains amorphous, cloud-like immature bone (11) . Myeloma, lymphoma and spinal metastases may also be considered in the differential diagnosis. However, these tumors are often revealed to be more heterogeneous on T2-weighted images, and often occur in multifocal spinal localizations (11) .
In conclusion, CT and MRI each have respective advantages in the diagnosis of chordoma. CT images have advantage of evaluating calcification and bone abnormalities that may narrow down the differential diagnosis to aggressive but slow-growing lesions, including mixed lytic-sclerotic bone destruction, pressure erosion of outer cortex and spiculated periosteal reaction. MRI scanning highlights features including multi-lobular hyperintensity on T2-weighted imaging with hypointense septa and soft tissue mass fully or partially surrounding vertebral body which may aid in the exclusion of the majority of lesions in the differential diagnosis. It is necessary to combine CT and MRI examinations for patients with suspected cervical chordoma. 
